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Introduction
The acronym CHARGE is used to describe a group of specific
congenital birth defects in children: colobomata, heart defect,
atresia of the choanae, retarded growth or development, geni-
tal hypoplasia, and ear anomalies or deafness.1,2 To confirm a
diagnosis of CHARGE association, the presence of at least four
of these six abnormalities is sufficient.3 Some of these children
may have additional defects such as facial palsy and cleft lip
and/or cleft palate.4 Abnormal vestibular structures that con-
tribute to balancing difficulties are also found in some chil-
dren with CHARGE association.5 The incidence of CHARGE
association varies between 0.54 and 1.13 per 10,000,6 with no
difference between genders or races. The aetiology of CHARGE
association is still not known, although it is typically sporadic.
Autosomal dominant and, less commonly, autosomal reces-
sive transmission have also been inferred from multigeneration
family studies.7 There is a low recurrence risk in subsequent
children for normal parents with a CHARGE child.
Case report
This full-term, clinically male child was born after an unevent-
ful pregnancy. He presented with airway obstruction at birth
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and was subsequently diagnosed as suffering from bilateral
choanal atresia. With this diagnosis, a full work-up for
CHARGE association was performed and revealed other fea-
tures of the association (Table 1).
The choanal atresia was repaired at an early age via a
pernasal approach and postoperative stenting. In addition,
the child underwent multiple operations for his other con-
genital defects.
Audiological assessments showed no free-field behavioural
responses to a pure-tone stimulus of 120 dB sound pressure
level (SPL). No aural-palpebral or acoustic reflexes were elic-
ited from high-intensity impulsive noise, and no otoacoustic
emissions were obtained from either ear. Results of electro-
physiological assessment using auditory brainstem response
audiometry confirmed bilateral profound sensorineural hear-
ing loss. Magnetic resonance imaging (MRI) and computed
tomography (CT) showed that the auditory nerves were intact
despite deformed cochleae and large vestibular aqueducts on
both sides (Figure). At 2 years of age, the patient could only
produce babbles and non-meaningful utterance. He could not
follow verbal instructions or respond to any environmental
sounds. A high-powered hearing aid was prescribed for a
2-month trial period. There was no progress in hearing or
communicative abilities after intensive training. In view of
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the severe defects in auditory, speech and language devel-
opment, the child underwent cochlear implantation when he
was 2 and a half years old.
The surgery was performed under general anaesthesia. A
postauricular incision was used to expose the mastoid. The
mastoid in children with CHARGE association is typically
hypoplastic and lacks pneumatization, so the conventional
approach for cochlear implantation through a cortical mas-
toidectomy and posterior tympanotomy is difficult. We de-
cided to approach the cochlea through a canal wall down
mastoidectomy, thus avoiding posterior tympanoplasty and
the risk of facial nerve injury.
After the medial wall of the middle ear was exposed, the
round window was located. A cochleostomy was created ante-
rior to the round window to insert the active electrode array in
the scala tympani. The receiver was placed in a bony recess
created in the temporal area of the skull and further secured by
sutures; the incision was closed for recovery. Before the patient
awakened from the anaesthesia, intraoperative testing of the
electrodes was performed to ensure normal functioning of the
device.
Postoperatively, the cochlear implant-aided hearing
threshold, averaged at 500 Hz, 1,000 Hz and 2,000 Hz, was 40
dB SPL. The results indicated that the patient could hear and
detect all speech sounds at a normal conversational distance of
1 m. After intensive rehabilitative training, speech perception
performance progressively improved (Table 2). At 7 years of
age, he was tested with the Reynell Developmental Language
Scales (Cantonese Version). The results showed that his recep-
tive and expressive scores were 27 (> 2 standard deviations,
SDs; age equivalent, 2.05 years) and 30 (> 2 SDs; age equivalent,
2.04 years), respectively. The child is now attending a nursery
centre for preschool children with special needs.
Discussion
In this study, the child with CHARGE association showed
promising results in hearing and speech perception perfor-
mance after cochlear implantation. Owing to his global devel-
opmental delay and mild mental retardation, it is not surpris-
ing that he had poor language development. The acquisition
of language requires the integrity of cognitive and linguistic
skills. Children with CHARGE association are often deprived
of learning opportunities because they are usually hospital-
ized for major surgery for much of their early life. The evalua-
tion and exploration of the potential for learning in these
children are difficult and limited. Expectations from CHARGE
association children after cochlear implantation should be
different from those in children who solely have hearing
impairment.
A malformed cochlea is not a contraindication for cochlear
implantation. The receiver/stimulator of a cochlear implant
system can be partially inserted into the cochlea. The elec-
trodes that are outside the cochlea can be switched off to avoid
extra electrical stimulation that can cause facial twisting,
discomfort and dizziness.
Table 1. Congenital defect in a child with CHARGE association
Congenital defect Diagnosis
Visual impairment Strabismus but no need for corrective glasses
Choanal atresia Bilateral complete choanal atresia
Cranial nerve abnormality (IX & X) Swallowing difficulty and gastrostomy tube for feeding
Retardation of growth and development Mild mental retardation (IQ, 63) with global developmental delay
Ear abnormalities and hearing loss Short, wide outer ears, absence of earlobes and bilateral profound hearing loss
Figure. Preoperative computed tomography scan showing a de-
formed cochlea and large vestibular aqueduct.
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Medical and surgical interventions in children with
CHARGE association are crucial in the first 1 to 2 years of life.
Many of the congenital defects (aspiration, heart, colobomata)
are life-threatening and require urgent treatment. Even if the
child’s hearing impairment is confirmed at an early age, audio-
logical management would still have to be suspended until the
more pressing health problems are resolved. The management
of children with CHARGE association requires a multidisci-
plinary team of medical professionals. However, it is of utmost
importance to have early diagnosis and intervention for hear-
ing loss so that a hearing prosthesis and early auditory reha-
bilitation can be provided as preconditions for learning.
Cochlear implantation in children with intellectual def-
icits raises the question of whether the acquisition of hear-
ing and speech perception should be the sole criterion in mea-
suring the success of cochlear implantation. Hearing loss
creates a developmental obstacle and an additional handicap
and limitation to learning potential. The ability to hear is a
prelinguistic requirement and an important prerequisite for
other developmental skills. The use of cochlear implantation
in children with intelligence deficits should be considered on
each individual’s merits and the implication of additional
benefits through hearing. In this study, the child with CHARGE
association interacted better with his environment, family
members and personnel providing rehabilitation after coch-
lear implantation. The intelligence of children with CHARGE
Table 2. Pre- and post-cochlear implantation speech perception performance in a child with CHARGE association
Score (%)
Score (%)
before implantation
after implantation (yr)
1 2 3 4
Identification of Ling’s 7-sounds test 0 15 30 60 280*
Identification of number of syllables 0 40 60 280* 295*
Identification of vowels 0 20 30 45 50
Identification of consonants 0 25 15 20 35
Identification of vocabulary 0 20 20 30 40
Sentence comprehension 0 20 15 20 45
*Significantly different (binomial theorem, p < 0.05).
association is often underestimated due to hearing problems
if the problems are not identified and addressed at an early age.
The delay in speech and language may, in part, also be related
to auditory deprivation from hearing loss.8 Cochlear implants
break the world of silence in these children and provide them
with opportunities for exploration of their potential and de-
velopment of alternative communication skills.
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